SUMMARY Sensory strength-duration curves were obtained using percutaneous true square-wave pulses ranging from 01 to 200ms produced by an isolated constant current stimulator. In 119 healthy volunteers sensory thresholds were measured bilaterally by stimulating the distal phalange of the little finger. In order to examine the relationship of sensory threshold and handedness the latter was assessed by means of the Edinburgh Inventory. An asymmetry of sensory threshold was found for all the subjects and this was more pronounced with shorter stimuli. Of right-handers tested 73-5% had a lower threshold on the left side while 70O8% of left-handers had a lower threshold on the right side. Although threshold asymmetry is associated with handedness this is not necessarily due to cerebral laterilisation.
When evaluating the usefulness of sensory strengthduration curve for assessment of sensory deficit in peripheral neuropathy we found sensory thresholds to be asymmetric in both upper and lower extremities of normal subjects.' Detection thresholds for percutaneous electrical stimuli were lower for the left compared with the right side of right-handed people. Although the difference in absolute values was small, this asymmetry was a frequent finding in our population of healthy subjects.
The aim of the present study was to examine more systematically this threshold asymmetry and its relationship to handedness. We are not aware of any clinical report concerning quantitative assessment of cutaneous sensation with respect to handedness. While complex instruments are required for quantification of cutaneous sensation with "adequate" stimuli2 detection threshold for electrical pulses provided by an isolated constant-current stimulator has been shown to represent a reproducible measure.' 3 Larger amplitudes of sensory nerve action potentials were found in the non-dominant hand of both right-and left-handed subjects.46 Hence, the asymmetry of both the amplitude of sensory nerve action potentials and detection threshold for percutaneous electrical stimuli might be due to an asymmetry of peripheral sensory innervation. Alter-natively, threshold asymmetry which refers to various parts of the body might be governed by structural or functional asymmetry in the central nervous system.
Methods
Silver-silverchloride surface electrodes of 8 mm diameter filled with electrode cream were taped about 3 cm apart over the volar surface of the little finger. The electrode placed over the distal phalange was connected to the anode of an isolated stimulation system consisting of an impulse generator (Stimulator "F", Toennies) and a constant current stimulator. The latter was capable of producing true squarewave stimuli over the range of pulse durations tested. The skin was cleaned with ether and alcohol. During the measurement skin temperature was kept constant at 34°C by means of a temperature control unit (DISA, Type 15 H 02). Electrical stimuli were given at a rate of 0 5 Hz. The amount of current in milliamperes required to produce a minimally perceptible sensation was measured for four different durations of square-wave pulses (0.10, 0 50, 5-0, 20-0ms).
Detection thresholds were obtained by a method of descending limits, continuously decreasing from a level at which the subject had a minimal sensation. Although not optimal from a scientific point of view' the method of limits is reliable and easy to use in subjects who are properly prepared even if they are inexperienced in sensory testing. At least three independent measurements were performed on each subject for each pulse duration tested. The series started with stimuli of 20-Oms duration, followed by 010, 5- (fig 4) . This sex-linked difference of absolute threshold was a consistent finding and of similar magnitude for the various pulse durations tested.
Friedli, Fuhr, Wiget Asymmetry of sensory threshold was found in most of the subjects participating in these experiments. Both magnitude and direction of threshold asymmetry were positively correlated with handedness as indicated by the sign of the Edinburgh index. Although the absolute thresholds were of comparable size the direction of asymmetry was opposite for right and left handed subjects (fig IA, B) . The latter showed higher average thresholds on the left side while higher threshold current was found on the right side of right handers. There was a constant direction of asymmetry within the same subject also in a series of independent measurements as represented by small standard deviations of threshold values for either side which hardly overlapped each other (fig 2) . However, the analysis of individuals did not provide a uniform behaviour of right and left handed subjects as to the direction of threshold asymmetry. Although the latter was related to handedness in the sense described above in most of right and left handed subjects, it was the reverse in a minority of them. This was true also for some strong right and left handed individuals and did not seem to correlate with the absolute value of the LQ. By plotting the LQ against threshold asymmetry for the whole population the relationship between the two parameters was visualised (fig 5 for 0 1 ms-stimuli). Correlation between handedness and threshold asymmetry was given by Spearman rank correlation coefficients of 0 3655 for 0 1 ms stimuli, 03645 for 0 5 ms, 0 3791 for 5-0 ms and 0-3891 for 20 0 ms stimuli (correlation coefficients for all stimulus durations are significantly different from 0, p < 0 001). For all stimulus durations tested the Wilcoxon rank sum test provided statistically significant evidence that the right-and left-handed population differed with respect to their threshold asymmetry (p < 0001). Parameters of threshold asymmetry are summarised in fig 6. A positive asymmetry was found in 73-5% of right handed subjects for all pulse durations tested while the percentage of lefthanders with negative values varied from 70 8 for short stimuli to 62-5 and 56 3 for 5 0 ms and 20-0 ms pulses respectively. With longer stimuli there was not only a diminution of average threshold asymmetry in milliamperes but also an increasing number of subjects without any asymmetry at all. No asymmetry of sensory threshold was seen in three subjects (2-5%) with 01 ms stimuli while it was lacking in 14 subjects (11 8%) with 20-0 ms pulses. Interestingly, both right and left handed subjects without asymmetry with longer stimuli were found mainly in the group showing a negative asymmetry with decreasing stimulus duration.
Generally, threshold asymmetry was more pronounced with shorter stimuli and seemed to be proportionally related to the magnitude of absolute (figs 1, 2) . Correspondingly, the asymmetry of sensory threshold in milliamperes showed an increasing tendency with growing age (fig 3) . Although fig 4 suggests lower values of threshold asymmetry in females than in males, this could not be supported by comparing groups consisting of 20 right handed subjects each and matched with respect to both degree of handedness (LQ > 75) and age (onetailed t test for paired observations not significant at the 0-05 level). Statistical power9 was about 89% with 5-0 ms stimuli for a difference of at least 0-1 mA between the two means, whereas it was around 33% for shorter stimuli and about 66% for 20-0 ms pulses.
These results allow with reasonable probability the conclusion that in reality there exists no relevant sex difference with respect to threshold asymmetry at least with 5 0 ms stimuli.
Discussion
As in our previous observations' the present data demonstrate the asymmetry of sensory threshold for percutaneous electrical stimuli. Our results demonstrate a clear relationship between handedness and threshold asymmetry. Among all 69 right handed subjects tested 50 (73 5%) show a lower threshold on the left hand while in 34 of the 48 (70 8%) left handers tested less current is required for perception of short electrical pulses on the right side.
A superiority of the left side of the body for pressure sensitivity and two-point discrimination has been found on the extremities of right handed men and women. '0 However, we are not aware of any clinical report concerning quantitative assessment of cutaneous sensation with adequate stimuli with respect to handedness in healthy subjects." -" Although studied by various electrodiagnostic techniques '6-19 excitability of peripheral nerves has been investigated without regard to handedness. The question arises as to the basis of the present findings. A number of factors other than cerebral hemispheric asymmetry of function could contribute to this lateral asymmetry. The fact that threshold asymmetry was found in various parts of the body (for example fig I of reference 1 ) rules out an asymmetry on the basis of minor mechanical damage to the nerve20 which was likely to be more marked in the dominant hand. Further insight into the problem requires some remarks on the nature of percutaneous electrical stimuli. The nerve action potentials to electrical pulses have been shown to be similar in shape to those evoked by adequate stimuli applied to the digits.2' The amplitude of the sensory nerve action potential represents the number of nerve fibres activated by electrical stimuli.22 There is a strong resemblance of the behavioural strengthduration curves1 3 
